obtained anhydrous and oxygen-free by bubble degassing (Ar), purification through columns of alumina and/or Q5, 1 and storage over molecular sieves. 2 Deuterated solvents were purchased from Cambridge Isotope Labs, degassed and stored over molecular sieves for at least 2 days prior to use. Celite 435 (EM Science) and activated charcoal were dried by heating above 250 • C under dynamic vacuum for at least 48 h prior to use. Glassware was oven-dried for at least three hours at temperatures greater than 150 • C. Tungsten tetrakis(2,6-diisopropylphenolate), [W(ODipp) 4 ] (1), was prepared as previously described by Schrock and coworkers. 3, 4 [Na(dioxane) 2.5 ][OCP] was prepared as previously described by the Grützmacher group. 5 [Na(dioxane) 2.5 ][OCAs] was provided as a gift from the Driess and Grützmacher groups; 6 [TBA][N 3 ]
(TBA = tetra-n-butylammonium) and [TBA] [NCO] were recrystallized from THF prior to use; 1,4,7,10tetraoxacyclododecane (or 12-crown-4, 12c4) was deaerated by sparging with dinitrogen for 1 h and stored over molecular sieves for several days prior to use.
NMR spectra were obtained on Varian Inova 300 and 500 instruments equipped with Oxford Instruments superconducting magnets, on a Jeol ECZ-500 instrument equipped with an Oxford Instruments superconducting magnet, or on a Bruker Avance 400 instrument equipped with a Magnex Scientific or with a SpectroSpin superconducting magnet. 1 H NMR and 13 C NMR spectra were referenced internally to residual solvent signals. 7 complex was synthesized using terminally 15 N-labeled sodium azide in DME, enabling the acquisition of a 15 N NMR spectrum: 15 
S.1.3 Synthesis of [Na(12-crown-4) 2 ][1≡P]
A thawing solution of [Na(dioxane) 2.5 ][OCP] (16.9 mg, 0.056 mmol, 1.0 equiv) in THF (2 mL) was added slowly to a thawing solution of 1 (50.0 mg, 0.056 mmol, 1.0 equiv) in THF (2 mL). The reaction mixture was allowed to warm to 25 • C and was stirred for further 20 min. Upon warming to 25 • C a color change to purple was observed. 3 drops from a Pasteur pipette of 12-crown-4 were added. All volatile materials were removed in vacuo. The dark residue was washed with pentane (2 mL, solubilized in THF (ca. 1 mL) and the resulting dark purple solution was filtered through a glassfiber filter. Vapour diffusion of hexanes (ca. 4 mL) into this solution at 25 • C resulted in formation of dark green crystalline plates over the course of 3 days, during which time the mother liquor almost completely decolorized. The crystalline residue was separated from the supernatant, washed with benzene (2 mL) and dried under vacuum to give the title compound 40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270 δ (ppm) MJ441-NaWP-DME-C6D6 -kifuba/Desktop/MJ441-NaWP-DME-C6D6_CARBON- 
S.1.6 Synthesis of [Na(DME) 3 ][1≡As]
A solution of [Na(dioxane) 2.5 ][OCAs] (8.8 mg, 0.028 mmol, 1.0 equiv) in DME (1.5 mL) was added dropwise at 25 • C to a solution of 1 (25.0 mg, 0.028 mmol, 1.0 equiv) in DME (1.5 mL). The mixture was stirred for 60 min at 25 • C. All volatile materials were removed in vacuo and the residue was washed with pentane (3 ×1 mL). Yield: 32.2 mg (0.026 mmol, 91%). Crystals suitable for an X-ray diffraction analysis were grown at 25 • C by dissolving this material in DME (1 mL) and 1,4-dioxane (2 mL), and layering this solution with pentane (2 mL). Grey-greenish plates formed in the course of ca. 14 h. 1 MJ556-Na(DME)3WAsODipp4-CD3CN -J502/MJ543-NaDME3-WAsODipp4/MJ556-Na(DME)3WAsODipp4-CD3CN_PROTON- 40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270 δ (ppm) MJ543-Na-DME3-W-arsenide -J502/MJ543-NaDME3-WAsODipp4/MJ543-Na-DME3-W-arsenide_CARBON-1-1.jdf 40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270 δ (ppm) MJ551-NaWP-LutHOTf-CD3CN -J502/MJ550-NaWP-LutHOTf/MJ551-NaWP-LutHOTf-CD3CN_CARBON-1-1.jdf 
S.2 X-Ray Diffraction Studies
The crystals were mounted in hydrocarbon oil on a nylon loop or a glass fiber. Low-temperature (100 K) data were collected on a Bruker-AXS X8 Kappa Duo diffractometer coupled to a Smart Apex2 CCD detector or a Photon2 CPAD with Mo Kα radiation (λ = 0.71073 Å) with φ -and ω-scans. A semi-empirical absorption correction was applied to the diffraction data using SADABS. 8 All structures were solved by direct methods using SHELXT 9 and refined against F 2 on all data by full-matrix least squares with SHELXL-2015 10 using established methods. All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were included in the model at geometrically calculated positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U eq value of the atoms they are linked to (1.5 times for methyl groups). Descriptions of the individual refinements follow below and details of the data quality and a summary of the residual values of the refinements for all structures are given in 
S.3 Computational Studies
All calculations were performed with the ORCA 4.0.0 quantum chemistry package from the development team at the University of Bonn. 11, 12 Initial anion geometries were taken from the atom positions in the X-ray diffraction study, and the isopropyl groups were replaced by hydrogen atoms. In the case of the arsenide, where two anions were modelled in the asymmetric unit, the anion lacking positional disorder was selected.
X-ray diffraction is known to give incorrect hydrogen positions due to libration effects, so hydrogen atom positions were optimized at the RIJCOSX-ωB97X-D3/ma-Def2-TZVP level of theory with an effective core potential (ECP) on tungsten [13] [14] [15] [16] [17] [18] [19] using the following input file: 
